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Figure 1. Exemplars of Human-Computer Integration: extending the body with additional robotic arms; [71] embedding computation into the body 
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Looking  at  past  eras of  computing,  these  typically have  a 
unique ratio of users to computers as one of their identifying 
feature:  The mainframe era of one-machine-to-many-users 








Era / Paradigm Users : Machines 
Mainframe many : 1 
PC 1 : 1 
Mobile 1 : many 
Ubiquitous many : many 
 Integration blurred boundary 
Table 1. Eras of Human-Computer Interaction.      
We call  this Human-Computer  Integration  (HInt) and con-
sider it a new paradigm with the key property that computers 
become closely  integrated with  the user.  Such  integration 
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is  that  the  agency  is  truly  shared between  technology and 
humans acting  in concert,  for example by collaborating  in 
creative tasks [24, 10] or working together  towards engag-
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Figure 3. Examples of human-compatible technologies. (a) Tacttoo [98], (b) iSkin [95], (c) Hobbyist use of insertable devices [28], (d) RFID implants [25], 
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Deep implanted technologies are permanently inside the hu-
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upon how a device is  integrated.  For example,  an on-skin 
device only needs to be skin-compatible [95], whereas devices 























Tailored Technologies for the Body 
We find that integrated devices should support the wide range 
of shapes and sizes of the human body [17, 100]. For example, 












































CHALLENGE #2: EFFECTS ON IDENTITY AND 
BEHAVIOR 
We now describe the challenge concerning identity and be-














Perception of the Integrated Self 
The relational self is the part of an individual’s self-concept, 
which consists of the feelings and beliefs that one has regard-
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CHALLENGE #3: INTEGRATION AND SOCIETY 
Current and future HInt devices will affect society in a vari-
ety of ways. Designers, researchers, industry, and regulatory 

















































































Integrating Novel Technologies 
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When perceiving  information,  we have different  strategies 
available for interpreting it. For example, information might 
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